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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to semiconductor 
light-emitting devices such as semiconductor light-emit- 
ting diodes and semiconductor laser diodes, which are 
obtained using AIGalnP and AJGaAsP semiconductor 
materials. 

One exemplary prior art semiconductor light-emit- 
ting diode (LED for short) using an AIGalnP semiconduc- 
tor material is schematically illustrated in FIG. 1. 

Referring now to FIG. 1 . reference numeral 201 rep- 
resents an n-type GaAs substrate, and 202 a clad layer 
comprising an n-type AIGalnP, which is formed on the 
substrate 201 . Reference numeral 203 represents an ac- 
tive layer comprising AIGalnP. and 204 a clad layer com- 
prising a p-type AIGalnP That is, the Al concentration is 
preset so that the energy gap of the AIGalnP active layer 
203 is narrower than those of the AIGalnP dad layers 

202 and 204. A p-type AIGaAs current-spreading layer 
205 is provided to expand the electric current injected 
from electrodes, thereby expanding the light-emitting re- 
gion and so increasing the efficiency of light extraction. 
Reference numeral 208 stands for a contact layer, and 
207 and 208 indicate electrodes. 

One exemplary prior art semiconductor laser diode 
(LD for short) is schematically shown in FIG. 2. 

Referring here to FIG. 2. reference numeral 201 
stands for an n-type GaAs substrate, and 202 a clad lay- 
er comprising an n-type AIGalnP, which is formed on the 
substrate 201 . Reference numeral 203 represents an ac- 
tive layer comprising AIGalnP, and 204 a dad layer com- 
prising a p-type AIGalnP. That is, the Al concentration is 
preset so that the energy gap of the AIGalnP active layer 

203 is narrower than those of the AIGalnP clad layers 
202 and 204; in other words, the double-hetero structure 
is achieved. Reference numeral 206 indicates a contact 
layer. 

Reference numeral 205' represents a current block 
layer comprising GaAs, which is provided for the purpose 
of achieving the so-called current-confinement thereby 
obtaining the current density needed for laser oscillation. 
This layer 205* is formed by seledrvely etching the layer 

204 to form a ridge thereon, followed by selective growth 
using an amorphous fflm such as one of SiN*. 

AIGalnP or AilnP (which may hereinafter be collec- 
tively called an AIGalnP compound) have some defects; 
they are higher in resistivity and thermal resistance than 
AIGaAsP or AIGaAs (which may hereinafter be collec- 
tively called an AIGaAsP compound)- Such defects lead 
to a problem that the operating voltage of the device be- 
comes too high, resulting in an increase in the amount 
of the heat generated. This problem must be solved so 
as to improve the characteristics and reliability of the de- 
vice, and becomes serious especially when the 
light-emitting density becomes high. 

The above-mentioned problem becomes by far 
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more serious in the case of a semiconductor laser where 
current confinement is required with an increase in the 
light-emitting density. 

Zinc (Zn) is generally used as a dopant for a clad 

s layer comprising a p-type AIGalnP compound, but dop- 
ing should be done at high concentration so as to lower 
resistivity, because Zn is low in the rale of activation. In 
this case, however, unactrvated Zn diffuses so rapidly 
through the AIGalnP compound crystal body that the pn 

io junction position is often largely shifted from the 
light-emitting layer toward the n-type layer. This, in turn, 
gives rise to abnormality in the current-voltage charac- 
teristics, a drop of fight output power, and an increase in 
the threshold current of laser. Such diffusion of Zn from 

is the p-type AIGalnP compound layer becomes noticeable 
as its thickness increases. When the fight-emitting layer 
is relatively thin as in the case of laser, the current-volt- 
age characteristics are liable to disorder due to the dif- 
fusion of Zn. Silicon (Si) having a low diffusion coefficient 

20 is effective for an n-type AIGalnP compound. 

In some cases, a fight-extracting layer is located 
next to the clad layer. The transparency of the right-ex- 
tracting layer to the light-emitting wavelength is impor- 
tant for improving the light-extraction efficiency of LED. 

2S However, it is probable that some light-extradmg layer 
with high transparency has high resistivity depending on 
composition and that the surface current spreading area 
is small, as a result. 

With respect to the double-hetero structure, it is usu- 

30 ally required to impart a thickness or about 1 pm to about 
2 nm to the clad layer to ensure confinement of carriers 
and light in the active layer. When the AIGalnP com- 
pound is grown by a metal organic vapor phase growth 
technique, it is required that the feed molar ratio (V/lll) 

35 between the organic metal that is the group III material 
and PH 3 that is the group V material be very high. This 
incurs some inconveniences; for instance, no high 
growth rate can be applied, the cost of the material to be 
grown is much higher than the AIGaAs compound, and 

40 so on. Especially in the case of mass-production equip- 
ment of large size enabf inga multiplicity of devices to be 
produced at the same time, problems with removal of de- 
fects become more serious. 

4$ SUMMARY OF THE INVENTION 

An object of the present invention is to optimize the 
structure of clad layers of a semiconductor light-emittins 
device including an active layer comprising AIGalnP or 
so GalnP. 

Another object of the present invention is to reduce 
the thickness of a Zn -doped dad layer comprising a 
p-type AIGalnP compound. 

A further objed of the present invention is to sub- 
ss stantialty eliminate or reduce the diffusion of Zn into an 
adive layer and an n-type dad layer. 

A still further objed of the present invention is to pre- 
vent a shift of the pn junction position due to the diffusion 
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of Zn. 

A stilt further object of the present invention is to im- 
prove the characteristics and reliability of a light-emitting 
device. 

A still further object of the present invention is to ex- 
pedite mass production, reduce growth time, cut down 
material cost, and remove defects. 

According to the present invention, it has now been 
found that in a semiconductor light-emitting device in- 
cluding an active layer comprising AIGalnP or GalnP, the 
diffusion of Zn into the active layer or an n-type clad layer 
can be reduced, if the thickness of a Zn-doped clad layer 
comprising a p-type AIGalnP compound is reduced to 
such an extent that the characteristics of the light-emit- 
ting device does not degrade. However, when the thick- 
nesses of the AIGalnP compound clad layers with the 
active layers being interleaved between them are re- 
duced, the confinement of carriers and light becomes in- 
sufficient, resulting in degradation of the device-charac- 
teristics. According to the present invention, it has been 
found that this can be made up for by use of an AIGaAsP 
compound having a substantially identical band gap and 
refractive index. Furthermore, it has been found that 
since the n-type AIGaAsP compound is less susceptible 
to Zn diffusion than the AIGalnP compound having a sub- 
stantially equal carrier concentration, the reduction in the 
thickness of the n-type AIGalnP compound clad layer is 
also effective for preventing a shift of the pn junction po- 
sition due to Zn diffusion; the reduction in the thickness 
of the AIGalnP compound clad layer is further effective 
for reducing operating voltage and thermal resistance; it 
is advantageous in view of mass productivity, growth 
time, material cost, and defect removal that the thickness 
of the AIGalnP compound layer is reduced as much as 
possible and the amount of the AIGaAsP compound 
used is increased, correspondingly. 

More specifically, the present invention provides a 
semiconductor light-emitting device characterized by in- 
cluding a first clad layer comprising a first conductive 
type AIGaAsP or AIGaAs, a second clad layer that is lo- 
cated next to the first clad layer, comprises a first con- 
ductive type AIGalnP or AllnP and has a thickness of up 
to 0.5 ujti, an active layer that is located next to the sec- 
ond clad layer and comprises a first or second conduc- 
tive type AIGalnP or GalnP, a third clad layer that is lo- 
cated next to the active layer, comprises a second con- 
ductive type AIGalnP or AllnP and has a thickness of up 
to 0.5 ujti, and a fourth clad layer that is located next to 
the third clad layer and comprises a second conductive 
type AIGaAsP or AIGaAs, or a light-extracting layer that 
comprises a second conductive type AJGaP or GaP and 
has a thickness of 1 ujti to 1 00 ujti. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of one exemplary prior 
art light-emitting diode. 

FIG. 2 is a schematic view of one examplary prior 



art laser diode. 

FIG. 3 is a schematic view of one embodiment of the 
semiconductor light-emitting device according to the 
present invention, that is, a semiconductor light-emitting 
s diode including a fourth dad layer that is located next to 
the third dad layer and comprises a second conductive 
type of AIGaAsP compound. 

FIG. 4 is a schematic view of another embodiment 
of the semiconductor light-emitting device according to 
10 the present invention, that is, a semiconductor light-emit- 
ting diode including a light-extracting layer that is located 
next to the third clad layer and comprises a second con- 
ductive type AIGaP or GaP. 

FIG. 5 is a schematic view of a further embodiment 
is of the semiconductor light-emitting device according to 
the present invention, that is, a laser diode including a 
fourth clad layer that is located next to the third clad layer 
and comprises a second conductive type of AIGaAsP 
compound, and a current block layer for confining an 
20 electric current in the active layer. 

FIG. 6 is a schematic view for providing an illustra- 
tion of how to produce the laser diode according to the 
present invention. 

FIG. 7 is a schematic view for providing an itlustra- 
25 trion of how to produce the laser diode according to the 
present invention. 

FIG. 8 is a schematic view for providing an illustra- 
trion of how to produce the laser diode according to the 
present invention. 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention will now be explained at great- 
er length. 

£5 The present invention provides a semiconductor 
light-emitting device characterized by including a first 
clad layer comprising a first conductive type of AIGaAsP 
compound, a second clad layer that is located next to the 
first clad layer, comprises a first conductive type of Al- 

40 GalnP compound and has a thickness of up to 0.5 ujti, 
an active layer that is located next to the second clad 
layer and comprises a first or second conductive type 
AIGalnP or GalnP, a third clad layer that is located next 
to the active layer, comprises a second conductive type 

*s of AIGalnP compound and has a thickness of up to 0.5 
urn, and a fourth clad layer that is located next to the third 
clad layer and comprises a second conductive type of 
. AIGaAsP compound, and/or a light-extracting layer that 
comprises a second conductive type AIGaP or GaP. It is 

so here to be noted that whether the semiconductor 
right-emitting device of the present invention is used in 
the form of a laser diode or an LED, the contents of the 
constitutional elements of the layers thereof may be de- 
termined while lattice matching between the sutSstrate 

55 and each layer is taken into consideration. 

Referring first to FIGS. 3 and 4, two embodiments 
of the light-emitting device of the present invention 
achieved in the form of light-emitting diodes (LEDs) are 
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explained. 

Shown in FIG. 3 is one embodiment of the present 
invention, Le., one example of the semiconductor 
light-emitting device including a fourth clad layer next to 
a third clad layer, said fourth clad layer comprising a sec- 
ond conductive type of AIQaAsP compound. This device 
is produced according to Example 1 , given later. For pro- 
duction, the device of the present invention is usually 
formed on a single crystal substrate. For this substrate 
1 01 , a GaAs substrate is usually but no exclusively used. 
To decrease the aluminum composition of the active lay- 
er depending on light-emitting wavelength, etc., it is pref- 
erable to use a GaAsP substrate. It is preferable that a 
buffer layer 1 02 of up to about 2 iim is usually formed on 
the substrate, thereby preventing transfer of substrate 
defects into epitaxially grown layers. Then, a first clad 
layer 1 03, a second clad layer 1 04, the active layer 1 05, 
the third clad layer 106 and the fourth clad layer 107 are 
stacked on the buffer layer in the described order accord- 
ing to the present invention. 

The first clad layer 1 03 is formed of a first conductive 
type of AIGaAs compound, and it is preferable that its 
thickness is usually up to 15 \im. More preferably, the 
lower and upper limits of the thickness of the first clad 
layer are 0.1 |im and 2 yim, respectively. The first clad 
layer should preferably have a carrier concentration lying 
in the range of 5x10 16 cm -3 to 3x10 18 cnrr 3 , particularly 
with the lower and upper limits being 1x10 17 cnrr 3 and 
1 x1 0 18 cnrr 3 , respectively Stacked on the first clad layer 
is the second clad atyer 1 04 comprising a first conductive 
type of AlGalnP compound and having a thickness of up 
to 0.5 urn. More preferably, the lower and upper limits of 
the thickness of this layer are 0.01 \tm and 0.3 \m\, re- 
spectively. The second clad layer should preferably have 
a carrier concentration lying in the range of 5x1 0 16 cur 3 
to 3x1 0 1 8 cnrr 3 , particularly with the lower and upper lim- 
its being 1x10 17 cnrr 3 and 1x10 18 cnrr 3 , respectively. 

Stacked on the second clad layer is the active layer 
105 comprising a first or second conductive type Al- 
GalnP or GalnP. The active layer should preferably have 
a thickness of 0.1 \im to 1 nm, particularly with the lower 
and upper limits being 0,2 jim and 0.5 nm, respectively. 

The active layer should preferably have a carrier 
concentration of up to 1x10 18 cnrr 3 , particularly with the 
lower and upper limits being 1x10 17 car 3 and 5x10 17 
cnrr 3 , respectively 

Stacked on the active layer is the third clad layer 1 06 
comprising a second conductive type of AlGalnP com- 
pound and having a thickness of up to 0.5 jim. The third 
clad layer should preferably have a carrier concentration 
lying in the range of 5x1 0 1 6 cnrr 3 to 3x1 0 18 cm- 3 , partic- 
ularly with the lower and upper limits of 1 x1 0 1 7 cnrr 3 and 
1x10 18 cm- 3 , respectively. 

Stacked on the third clad layer is the fourth clad layer 
107 comprising a second conductive type of AIGaAs P 
compounds. 

When the fourth clad layer 1 07 comprising a second 
conductive type of AIGaAsP compound is stacked on the 



third dad layer, it should preferably have a thickness ly- 
ing in the range of 0,5 \um to 3 iim, particularly with the 
lower and upper limits be 0.8 \xm and 1.5 nm, respec- 
tively. It should also preferably have a carrier concentra- 

5 tion lying in the range of 1x10 17 cnrr 3 to 1x10 19 cnrr 3 , 
particularly with the lower and upper limits of 3x1 0 1 7 
cnrr 3 and 3x10 18 cnr 3 , respectively. This fourth clad lay- , 
er is preferably provided thereon with a light-extracting 
layer, as will be described later. In this case, the fourth 

io clad layer may have the same composition as the 
light-extracting layer, and the total thickness of the fourth 
clad layer plus the light-extracting layer should then pref- 
erably be at least 1 nm, particularly 1 to 300 jam, with the 
range of 1 to 100 fim being most preferred. 

'5 in this case, the carrier concentration should prefer- 
ably lie in the range of 1x10 17 cnrr 3 to 1X10 20 cnrr 3 , par- 
ticularly with the lower and upper limits of 5x1 0 17 cm -3 
and 5x1 0 1 8 cnrr 3 , respectively In view of production, it 
is desired that the fourth clad and light-extracting layers 

20 be of the same composition and produced in the form of 
a single continues layer. 

In the present invention, it is preferable to use the 
light-extracting layer when the fourth clad layer 107 com- 
prising a second conductive type of AIGaAsP compound 

25 is provided on the third clad layer. Preferable for this layer 
is a compound single crystal layer having an indirect gap 
band structure, which should preferably have a thickness 
of 1 ixm to 50 fim, particularly with the lower and upper 
limits of 5 \xxx\ and 15 jim, respectively. In this case, the 

30 carrier concentration should preferably lie in the range 
of 1x1 0 1 7 cm -3 to 1X10 20 cm -3 , particularly with the low- 
er and upper limits of 5x1 0 1 7 cm -3 and 5x1 0 1 8 cnrr 3 , re- 
spectively. Reference numeral 1 08 represents a light-re- 
flecting layer. 

£5 FIG. 4 illustrates another embodiment of the present 
invention, i.e., an example of the semiconductor 
light-emitting device including a light-extracting layer 
107 next to a third clad layer, said layer 107* comprising 
a second conductive type AIGaP or GaP. This device is 

40 produced according to Example 2, given later. 

In this embodiments too, all the layers but a fourth 
clad layer are prepared as described with reference to 
FIG. 3. As can be seen from FIG. 4, however, it is the 
light-extracting layer 107 comprising a second conduc- 

45 tive type AIGaP or GaP, not the fourth clad layer 107 
comprising an AIGaAsP compound, that is stacked on 
the third clad layer. This light-extracting layer 107 should 
preferably have a thickness of at least 1 \xm. The thicker, 
the more preferable, because light absorption on the 

so electrodes is reduced. However, too thick a layer is of no 
substantial use if an efficiency drop ascribable to the ab- 
sorption of light by the light-extracting layer perse and 
electrical resistance is taken into account. Thus, the 
light-extracting layer should have a thickness of up to 

55 300 jim, more particularly up to 100 |im. It is here to be 
noted that a light-extracting layer of about 1 0 jim to about 
100 jim in thickness should preferably be formed by hy- 
dride vapor phase growth techniques. In this case, the 
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carrier concentration should preferably He in the range 
of 1 x1 0 1 7 cm* 3 to 1 x1 0 20 cm- 3 , particularly with the tow- 
er and upper limits of 5x1 0 1 7 cm- 3 and 5x1 0 1 8 cm -3 , re- 
spectively. 

GaP is an indirect gap material having a wide band 
gap; so it provides a light-extracting layer very effective 
in a visible range of wavelengths (550 nm to 690 ran) 
achievable by AIGalnP compounds. Even with 
AlyGa^xAs ( x = 0.6 to 0.8) having a high Al concentra- 
tion, some transparency is achievable. However, a GaP 
layer is by far lower in resistivity and wider in surface cur- 
rent spreading area than such an AIGaAs layer. For the 
light-extracting layer it is also preferable to use an n-type 
Gap because it is better in transparency and lower in re- 
sistivity than a p-type GaP. 

In both the embodiments shown in FIGS. 3 and 4, 
when the p-type layer is an AIGaAs layer, carbon is pref- 
erably used as the dopant or doping impurity for the 
above clad layers, etc., and when the p-type layer is an 
AIGalnP compound, beryllium and/or magnesium are 
preferably used as the doping impurities. Furthermore in 
this case, silicon is preferably used as an n-type doping 
impurity. 

In a more preferable embodiment of the present in- 
vention, a light-reflecting layer 108 is interleaved be- 
tween the substrate and the first clad layer. For the 
light-reflecting layer various known substances capable 
of reflecting light may be used. Among these substanc- 
es, the AIGaAsP compound is preferable in view of com- 
position while a Bragg reflection film is preferable in view 
of structure. 

Other layers, e.g., a cap layer and a contact layer 
109 may be prepared in conventional manners. 

For LEO, it is usually required to grow the light-ex- 
tracting layer having a relatively large thickness so as to 
increase external quantum efficiency of light output pow- 
er. However, growth of this light-extracting layer takes a 
long time to complete. Accordingly, when the impurity 
having a high diffusion coefficient, like zinc or selenium, 
is used as the dopant, the dopant in the clad layers dif- 
fuses into the active layer or through the active layer to 
the opposite layer, so offering some problems such as 
considerable deterioration of LED characteristics or of 
reproducibility. 

If the thickness of the AIGalnP clad layer is reduced 
as much as possible as practiced in the present inven- 
tion, any excessive doping can then be dispensed with 
for the purpose of prevention of cfiffusion, because the 
total amount of the impurities to be diffused can be re- 
duced. This in turn enables the carrier concentration of 
the n-type clad layer to be reduced to 1x10 18 cmr 3 or 
lower, resulting in improvements in crystal quality and 
device characteristics. In particular, the present inven- 
tion is very effective for re-growth of the GaP ligjht-ex- 
tracting layer having a large thickness by hydride VPE. 

When the active layer is provided in the form of a 
very thin film such as a quantum well structure, it is in- 
creasingly required to prevent the above-mentioned dif- 



fusion of the impurities. In the present invention, carbon 
ts used as the doping impurity for the p-type AIGaAsP 
compound clad layer, beryllium or magnesium as the 
doping impurities for the p-type AIGalnP compound clad 

5 layer, and silicon as the doping impurity for the clad lay- 
ers comprising an n-type AIGaAsP compound and an 
n-type AIGalnP compound, so that the diffusion of the 
impurities can be further reduced, so making a great con- 
tribution to improvements in device yield and reproduci- 

io bility. 

Moreover, it is effective to use a first conductive type 
of GaAs substrate which is inclined at an angle of 5 to 
25 degrees from the plane (100) in the [011] direction, 
so that a reduction in the band gap due to the ordering 

15 of the atomic alignment inherent in the AIGalnP com- 
pound or, in another parlance, a reduction in the 
light-emitting wavelength can be inhibited, or the surface 
morphology can be improved or stabilized. 

The reduction in the Al composition of the light-emit- 

20 ting layer is important for improving the reliability and life- 
time of the device, and this is easily achievable by use 
of a GaAsP substrate. For lattice matching, it is here ad- 
vantageous to use an AIGaAsP clad layer or an AIGaAsP 
light-reflecting layer. 

25 According to the present invention, it is thus possible 
to achieve reductions in growth time and material cost, 
and considerable reductions in loads on production 
equipment by removal of defects, etc., and hence to 
mass produce a multiplicity of devices at the same time 

£0 and in a stable manner by using production equipment 
of large size. 

Then, the light-emitting device of the present inven- 
tion will be explained with reference to FIG. 5 that illus- 
trates one example of the laser diode achieved accord - 

3$ mg to the present invention. 

FIG. 5 illustrates one example of the semiconductor 
device according to the present invention. This device is 
produced according to Example 3, given later. For pro- 
duction, the device of the present invention is usually 

40 formed on a single crystal substrate. For this substrate 
1 01 , a GaAs substrate is usually but no exclusively used. 
It is preferable that a buffer layer 1 02 of up to about 2 tun 
is usually formed on the substrate, thereby preventing 
transfer of substrate defects into epitaxially grown layers. 

45 Then, a first clad layer 103, a second clad layer 104, an 
active layer 1 05, a third clad layer 1 06 and a fourth clad 
layer 107 are stacked on the buffer layer in the described 
order according to the present invention. Additionally, a 
current block layer 108' is provided for the purpose of 

50 confining an electric current In the active layer and so 
increasing the current density across the active layer. 
The first clad layer 1 03 comprises a first conductive type 
of AIGaAsP compound, and it is preferable that its thick- 
ness is usually 0.3 |im to 3 \im. 

55 More preferably, the lower and upper limits of the 
thickness of the first clad layer-are 0.5 |im and 1.5 nm, 
respectively. The carrier concentration should then pref- 
erably fie in the range of 1x10 17 car 3 to 3x10 18 cmr 3 . 
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eraWe X?? to the active layer. It is thus pref- 

the? 8 f ? a ^ e a CUrrent WOCk teyer is ««« just before 
he owd clad teyer or overiaps with the third clad layer 

Lnt f "^?? re,erab,eltett necondu£livetypeof the^ 

thXS,^ h ^ Clad ^ thereto 
The thckness of the current block layer should prefera- 
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bly be at least 0.1 urn. particularly at least 0.5 urn be- 
cause at too small a thickness there is a posstbK'tSt 

^ecunentblcckingabilitymayd^.Thus^^ 
be made from the range of about 0.1 ^ to abT 3 ^ 

mprovethe characteristics of the laser device, it is more 
preferable that the above current block teyer £££Z 
AIGaAsP or AIGaAs and has an index of refrain to we r 

rfc ,.^ 8mn 9 here to the type of dopant for the above 
ctedteyers. when the p-type teyer is an AIGaAsPteyer 

SET ^T*" US6d 38 impurity ^ d 

when the p-type teyer is an AIGalnP compoundTerylli- 

umand/ormagnesiumarepreferablyusedasmedopTnq 

used as an n-type doping impurity 

noSJT fc * e " 1, 6 9 ' 3 teyer 109 - a contact teyer 

In semiconductor bser with the active teyer beino 

ESSE 2r* up ,o 0 1 — £Cg 

having a high diffusion coefficient, like zinc or selenium 
« used as me dopant, the dopant in the SKTS 
£ses mto the active teyer or through the 5X1* 

USE? 80 0ffGriri9 80016 Probiems sucnas 
considerable deterioration of laser characteristics « of 

diffUSk>n ber^by 
^icreasmg the earner concentration of an n-type clad lay 

^ 5860 < ou "° «hat thedevice char- 
b6COme woree du « to deterioratioToT^Sal 
qualrty such as unsatisfactory surface mbrphotog?2S 
greases in the number of non-ligh, emWnTcS^ 
the JhKkness of the AIGalnP clad teyer is reduced as 

ZEEXE," prac,iced in me ^£5£ 

^ can then be dispensed with for the 
P^rt prevention of diffusion, because the total 
amount or the impurities to be diffused can be reduced 

^cteTteve^ot ^ Carri6r ^trati^TSTe 
n-type clad teyer to be reduced to 1x10i« cm-3 or tower 

verv^fi^ 3C f 6 ^ iS PrOVWed in the tomi of a 
very thm film such as a quantum well structure it is in- 

fuS' , 3X i reqUired 10 Prevent 1,16 above^entionedi 

t *™e?^TJ£ ieS PfeSent lnVention - ^rbon 
•s used as the doping impurity for the p-type AIGaAsP 

St!,^ beryUiUm W ^nSfumlste 
doping unpurty for the p ^ pe A, GaIn p ^ 

2S2? SGn 38 ^ ^ impurity ,or cted «ay- 

nXTii^r?, 8 " n_,ype /UGaAsP compound and an 
Srmt ^P 0 ""* 80 that the diffusion of the 
Wiesoanbefurther reduced, so making a great con- 
Wjjta. to unprovements in device yieki and r'eprcoS- 

es c^ fl ^^ G , a S SP com P° und ba« some advantag- 
^ -k !? ,Ga,nP com P ound - the former is tower I 
ZT? res «tance than the tetter, it is preN 

erable to use the AIGaAsP compound to form a ridge 
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portion for achieving the current confinement effect, be- 
cause the device can be much more reduced in operat- 
ing vottage and the amount of the heat generated over 
prior art device structures, so that the characteristics and 
reliability of the device can be improved. 

Moreover, it is effective to use a first conductive type 
of GaAs substrate which is inclined at an angle of 5 to 
25 degrees from the plane (100) in the [011] direction, 
so that a reduction in the band gap due to the ordering 
of the atomic alignment inherent in the AIGalnP com- 
pound or, in another parlance, a reduction in the 
light-emitting wavelength can be inhibited, or the surface 
morphology can be improved or stabilized. 

The reduction in the Al concentration of the 
light-emitting layer is important for improving the reliabil- 
ity and lifetime of the device, and this is easily achievable 
by use or a GaAsP substrate. For lattice matching, it is 
here advantageous to use an AIGaAsP clad layer. 

According to the present invention, it is thus possfole 
to achieve reductions in growth time and material cost, 
and considerable reductions in loads on production 
equipment by removal of defects, etc., and hence to 
mass produce a multiplicity of devices at the same time 
and in a stable manner by using production equipment 
of large size. 

The present invention- will now be explained more 
specifically with reference to some examples. However, 
it is to be noted that the present invention is in no sense 
limited to the following examples without departing from 
the purpose of the invention. 

Set out below are the examples of the present in- 
vention wherein an MOVPE technique known to be ex- 
cellent in terms of thickness/composition controllability 
and mass productivity was used for crystal growth. The 
feed gases used were trimethylaluminum (TMA). tri- 
methylgallium (TMG), trimethylindium (TMI). phosphine 
(PH 3 ), and arsrne (AsH 3 ), while the carrier gas used was 
highly purified hydrogen (l-y gas. 

Example 1 

The LED of the present invention, as shown in FIG. 
3, was produced in the form of an epitaxial wafer accord- 
ing to the following procedures. Successively grown on 
an n-type GaAs (100) substrate 101 were an n-type 
GaAs buffer layer 102 (of 0.5 urn in thickness), a Bragg 
reflection film 108 made up of alternately laminated 15 
AlGaAs/AlAs laminae, a first clad layer 103 of an n-type 
Al 0 7 Ga 0 ^ As (of 1 .0 urn in thickness), a second clad lay- 
er 104 of an n-type (AIq jGsq .aWVLsP ( of 0 2 M" 1 in 
thickness), a (AloaGaoeio^lno^P active layer 105 (of 
0.3 ^im in thickness), a third clad layer 106 of a p-type 
(AIq jGsq 3 )q s \n os (of 0.2 urn in thikcness), a fourth clad 
plus light-extracting layer 107 of a p-type AIq yGa^As 
(of 10 urn in thickness), and a p-type G^As cap layer 109 
(of 2 jim in thickness). 

Referring here to the conditions for crystal growth in 
this example, the growth temperature was 650° C to 



750°C, the pressure was 10 2 hPa, the V/lll ratio was 25 
to 50 for AlGaAs and 500 to 750 for AIGalnP and Gairtf* 
and the growth rate was 1 to 15 jxm/hr for AlGaAs and 
0.5 to 2 nm/hr for AIGalnP and GalnP. 
$ An LEO lamp was prepared from the LEO wafer 
grown by the above-mentioned procedures. It was found 
that this tamp emits tight at 630 nm to 640 nm with a lu- 
minance of about 3 cd observed at a driving current of 
20 mA This luminance is nearly twice as high as tf« 
io obtained with a prior art structure using a p-type AIGalnP 
clad layer of about 1 |im thick. 

In this example, the n-type substrate was used 
However, a p-type substrate may also be used for epi- 
taxial wafer production, if the conductive type of each lay- 
's er of the structure mentioned above is inverted. For crys- 
tal growth, not only is the MOVPE technique used bus 
also other vapor phase growth techniques such as MBE 
and CBE may advantageously be used in the present 
invention. 

20 

Example 2 

The LED of the present invention, as shown in BGl 
4, is produced in the form of an epitaxial wafer accocdras 
to the following procedures. Successively grown on a 
p-type GaAs (100) substrate 1 01 are a p-type GaAs buff- 
er layer 102 (of 0.5 \xm in thickness), a Bragg reflection 
film 108 made up of alternately laminated 15 p-type Aft- 
GaAs/AlAs laminae, a first clad layer 103 of a p-type 
AIq yGao 3 As(of 1 .0 pm in thickness), a second clad layer 
104 of a p-type (AIq ^Gao 3 ) 0 slr^ 5 P (of 0.2 nm in thick- 
ness), a (AIq 4 GaQ 6 ) 0 5 lno 5 P active layer 105 (erf 0.3 \sm 
in thickness), a third clad layer 106 of an rHype 
(AloyGao 3)0^1110 S P (of 0.2 \m\ in thickness), and am 
35 n-type GaP light-extracting layer 107* (of 4 pm in thick- 
ness). 

Referring here to the conditions for crystal growth m 
this example, the growth temperature is 650°C to800°CL 
the pressure is 1 0 2 hPa, the V/lll ratio is 25 to 50 for GaAs 
40 and AlGaAs, 500 to 750 for AIGalnP and GalnP and 50 
to 200 for Gap. and the growth rate is 1 to 5 jinVhr tor 
GaAs and AlGaAs, 0.5 to 2 jxm/hr for AIGal nP and GaWP 
and 0.5 to 5 for GaP. 

An LED lamp is, prepared from the LED wafer grown 
45 by the above-mentioned procedures. It is found that this 
. lamp emits light at 580 nm to 590 nm with a luminance 
of about 1 .5 cd observed at a driving current erf 20 mA 
• This luminance is hearty twice as high as that obtained 
with a prior art structure using a p-type AIGalnP dad tey- 
60 er of about 1 nm thick. 



Example 3 

An epitaxial wafer used for the production cf ttie la- 
ss ser diode of the present invention, as shown in RG. 5, 
was prepared according to the following procectaes. 
Successively grown on an n-type GaAs (100) sitetrate 
101 were an n-type GaAs buffer layer 1 02 (of 0.5 \rm m 
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thickness), a first clad layer 103 of an n-type 
AJq TGao 3 As (of 1 .0 \im in thickness), a second dad lay- 
er 104 of an n-type (AloTGao t z)os^ n os p (<* 0.2 ujti in 
thickness), a Gao^lno^P active layer 105 (of 0.06 \im in 
thickness), a third clad layer 106 of a p-type 
(AIq yGao aJo^lno^P (of 0.2 \im in thickness), a p-type 
Alo jGao^As clad layer 107(1 .0 urn m thickness), and a 
p-type GaAs cap layer 109(0.2um in thickness). See 
FIG. 6. 

Then, an SiNx film 111 was formed on a portion 
which was to be ridged. Subsequently, the fourth clad 
layer 107 and cap layer 109 were etched, and etching 
was stopped on the surface of the third clad layer 106. 
Consequently, such a ridge as shown in FIG. 7 was 
formed. 

For the etching of the GaAs cap and AIGaAs clad 
layers, phosphoric acid-hydrogen peroxide, tartaric ac- 
id^hydrogen peroxide, and other etchant systems may 
be used. By such etching, it is possible to determine the 
thickness of the outer portion of the ridge in a well con- 
trolled manner, because the etching rate of AIGalnP is 
by far slower than that of AIGaAs. 

While the thus ridged wafer was placed on MOCVD 
equipment, an n-type AIq gGa^ As layer 1 08' in the form 
of a current block layer was grown on the sides of the 
ridged portion including the cap layer 1 09 and the etched 
layer 107 at a thickness of 0.8 um, using the MOCVD 
technique as shown in FIG. 8. 

Ah n-type GaAs layer 1 1 2 in the form of a protecting 
layer was grown on the current block layer 1 08' at a thick- 
ness of 0.2 um During this growth process, a trace 
amount of HCI gas was introduced into the growth space, 
thereby inhibiting the accumulation of potycrystals on the 
SiN x film of the Al 0 8 Gao^As layer. 

After removal of the SilM x film 111 as shown in FIG. 
5, a p-type GaAs contact layer 110 was grown at a thick- 
ness of 2 jim to bring the production of the epitaxial wafer 
of the present invention to an end. 

The obtained epitaxial wafer was provided with elec- 
trodes by evaporation, and then diced to produce a laser 
diode having a Fabry-Perot plane formed on it through 
cleavage. The threshold current was as low as 20 mA, 
with the uniformity in the plane being very excellent, as 
expressed in terms of about ± 5% in the case of a 2-inch 
wafer. Moreover, device resistance could be nearly re- 
duced by half by using AIGaAs for the ridge in place of 
AIGalnP used so far in the art 

Referring here to the conditions for crystal growth in 
this example, the growth temperature was 650° C to 
750°C, the pressure was 10 2 hPa, the V/lll ratio was 25 
to 50 for AIGaAs and 500 to 750 for AIGalnP and GalnP. 
and the growth rate was 1 to 5 usn/hr for AIGaAs and 0.5 
to 2 u.m/hr for AIGalnP and GalnP 

In this example, the n-type substrate was used. 
However, a p-type substrate may also be used for epi- 
taxial wafer production, if the conductive type of each lay- 
er of the structure mentioned above is inverted. For crys- 
tal growth, not only can the MOVPE technique be used. 



but also other vapor phase growth techniques such as 
MBE and CBE may advantageously be used in the 
present invention. 

According to the present invention, the characteris- 
s tics and reliability of the fight-emitting device can be im- 
proved with a reduction in the material cost by the struc- 
tural optimization of the clad layers between which the 
active layer comprising AIGalnP or GalnP is interposed. 
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Claims 



1. A Semiconductor light-emitting device including a 
first clad layer comprising a first conductive type 

is AJGaAsP or AIGaAs, a second clad layer that is 
located next to the first clad layer, comprises a first 
conductive type AIGalnP or All nP and has thickness 
of up to 0.5 jim, an active layer that is located next 
to the second clad layer and comprises a first or sec- 

20 ond conductive type AIGalnP or GalnP, a third clad 
layer that is located next to the active layer, com- 
prises a second conductive type AIGalnP or AllnP 
and has a thickness of up to 0.5 urn, and a fourth 
clad layer that is located next to the third clad layer 

25 and comprises a second conductive type AlGaAsP 
or AIGaAs, or a light-extracting layer that comprises 
a second conductive type AlGaP or GaP. 

2. The semiconductor light-emitting device as recited 
30 in Claim 1 , wherein said active layer has a thickness 

of 0.1 jam to 1 urn, and which includes a fourth clad 
layer that is located next to said third clad layer and 
comprises a second conductive type AlGaAsP or 
AIGaAs. 

35 

3. The semiconductor light-emitting device as recited 
in Claim 2, which includes between an electrode 
formed on the light-extracting side and the fourth 
clad layer a light-extracting layer that is substantially 

40 transparent to the wavelength of the active layer. 



The semiconductor light-emitting device as recited 
in Claim 3, wherein said light-extracting layer is a 
compound single crystal layer having an indirect gap 
band structure. 



43 
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The semiconductor light-emitting device as recited 
in any one of Claims 1 -4, which includes light-reflect- 
ing layer between a substrate and the first clad layer. 

The semiconductor light-emitting device as recited 
in Claim 5, wherein said light-reflecting layer com- 
prises AlGaAsP or AIGaAs. 

/** 

The semiconductor light-emitting device as recited 
in any one of Claims 2-4 and 6, wherein of the first 
and fourth clad layers, the p-type layer comprises 
AlGaAsP or AIGaAs, and contains carbon as a dop- 
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9. 



ing impurity. 

The semiconductor fight-emitting device as recited 
in any one of Claims 2-4 and 6, wherein of the sec- 
ond and third clad layers, the p-type layer comprises 
AJGalnP or AllnP, and contains beryllium and/or 
magnesium as a doping impurity. 

The semiconductor light-emitting device as recited 
in Claim 1 . wherein said active layer has a thickness 
of 0. 1 u.m to 1 urn and which includes a light-extract- 
ing layer that is located next to said third clad layer, 
comprises a second conductive type AIGaP or GaP 
and has a thickness of 1 ujn to 100 jam. 



10. The semiconductor light-emitting device as recited 
in Claim 9, wherein the first and second clad layers 
are of the p-type, and the third and light-extracting 
layers are of the n-type. 

11. The semiconductor light-emitting device as recited 
in Claim 9, wherein the light-emitting wavelength is 
550 nm to 690 nm. 

12. The semiconductor light-emitting device as recited 
in Claim 9, which includes a light-reflecting layer 
between a substrate and the first clad layer. 

13. The semiconductor light-emitting device as recited 
in Claim 12, wherein said light-reflecting layer com- 
prises AIGaAsP or AIGaAs. 

14. The semiconductor light-emitting device as recited 
in Claim 9, wherein the first clad layer is a p-type 
AIGaAsP or AIGaAs layer, said p-type layer contain- 
ing carbon as the doping impurity. 



15, 



The semiconductor light-emitting device as recited 
in Claim 9, wherein of the second and third clad lay- 
ers, the p^ype layer comprises AIGalnP or AllnP. 
and contains beryllium and/or magnesium as a dop- 
ing impurity. 



16. The semiconductor light-emitting device as recited 
in Claim 9. wherein silicon is used as an n-type dop- 
ing impurity. 

17. The semiconductor light-emitting device as recited 
in any one of Claims 9-16. wherein said light-extract- 
ing layer having a thickness oMOum to 100 nm has 
been formed by a hydride vapor phase growth tech- 
nique. 
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The semiconductor light-emitting device as recited 
in Claim 1 . wherein said active layer has a thickness 
of less than 0.1 nm. and which includes a fourth clad 
layer that is located next to said third clad layer and 
comprises a second conductive type AIGaAsP or 



10 



AIGaAs and a current block layer for confining an 
electric current in said active layer. 

19. The semiconductor light-emitting device as recited 
in Claim 18. wherein said first clad layer and/or said 
fourth clad layer have a ridge structure comprising 
AIGaAsP or AIGaAs. and the current block layer is 
located on both sides of said ridge structure. 

20. The semiconductor light-emitting device as recited 
in Claim 1 8. wherein said current block layer is oppo- 
site in the conductive type to the clad layer located 
next thereto, or is a high-resistance semiconductor. 



is 21. 
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The semiconductor light-emitting device as recited 
in Claim 18. wherein said current block layer is con- 
tiguous to the side wall of the ridge comprising 
AIGaAs and the bottom of the ridge comprising 
AIGalnP or AllnP. 



22. The semiconductor light-emitting device as recited 
in Claim 18. wherein said current block layer com- 
prises AIGaAsP or AIGaAs, and has an index of 
refraction lower than that of said ridged structure 
portion defining a current path. 

23. The semiconductor light-emitting device as recited 
in Claim 18. wherein of said clad layers, the n-type 
layer has a carrier concentration of up to 1x10 18 
cm- 3 . 

24. The semiconductor light-emitting device as recited 
in Claim 18. wherein of the first and fourth clad lay- 
ers, the p-type layer comprises AIGaAsP or AIGaAs. 
and contains carbon as a doping impurity. . 
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25. 



The semiconductor light-emitting device as recited 
in Claim 18. wherein of the second and third clad 
layers, the p-type layer comprises AIGalnP or AllnP. 
and contains beryllium and/or magnesium as a dop- 
ing impurity. 



26. The semiconductor light-emitting device as recited 
in any one of Claims 18-25, wherein silicon is used 
as an n-type doping impurity. 
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FIG. 3 



■109 
•10 7 



r 



■10 6, 
•10 5 
-10 4 

-10 3 
•10 8 
-10 2 

10 1 



12 



EP 0 702 414 A2 



FIG. 4 
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FIG. 6 
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